During the growth of beet leaves from 2 to 3 to 25 to 30 centimeters, the leaf cells increase in size, the average number of ch}oroplasts per cell increases from 11 to 65 and the amount of chloroplast DNA per cell increases from 1100 to 1900 plastome copies. The average number of copies of the plastome per chloroplast decreases from 104 in 2 to 3-centimeter leaves to 29 in 25 to 30-centimeter leaves during a period when the chloroplasts undergo two to three rounds of division and increase diameter from 1.5 to 4.9 micrometers. This result is at variance with previously publlshed studies of beet chloroplasts but agrees with the conclusions reached in more recent studies of pea and spinach and wheat leaf cell expansion.
Using renaturation kinetics to measure the proportion of ctDNA' in total cellular DNA, Scott and Possingham (12) and Lamppa and Bendich (10) have shown that the amount of ctDNA per cell does not alter significantly in spinach and pea leaves during growth by cell expansion despite a large increase in the chloroplast number per cell. Similar results were recently obtained in wheat leaves (2) using different methodology. These studies showed that the amount ofctDNA per chloroplast decreases when chloroplasts divide and increase in size during the cell expansion phase of leaf growth.
Earlier autoradiographic work on beet of varying ploidy states (5, 8) , measurement of DNA 'fibrillar areas in chloroplasts from leaves of varying size (9) , and measurement of DNA amounts in preparations of formaldehyde-fixed chloroplasts (7), were interpreted by Herrmann et al. (7) to show that the amount of DNA in chloroplasts was positively correlated with the size of the chloroplast. In the formaldehyde-fixed chloroplasts, after digestion with pronase and ribonuclease, estimates of the ctDNA content ranged from 10 plastome copies in chloroplasts with a diameter of 1.5 ,Am to 100 plastome copies in the larger chloroplasts with a diameter of 8.3 pm (7) . These conclusions are at variance with the results quoted above for pea (10) and spinach (12) . To resolve this question, we have used reassociation kinetics to measure the level of ctDNA in beet leaves and related the values to the change in size of chloroplasts, and the number of chloroplasts per cell in leaves of different ages.
MATERIALS AND METHODS
The methods used for the preparation of DNA, measurement of DNA in whole tissue, reassociation of ctDNA, and staining of 'Abbreviations: ctDNA, chloroplast DNA; DAPI, 4, 6-diamidino-2-phenyl indale; Cot,, concentration (mol/L) x half-time.
ctDNA with DAPI have been described previously (12) . Beet plants were grown in nutrient culture in growth cabinets as previously described for spinach (11) and the leaf laminae harvested after removal of the central midrib and the main veins. Leaf discs were taken randomly from the lamina for cell number and chloroplast number determinations (1 1) and for DNA measurement. DNA in discs was measured using a modification (12) of the method of Smillie and Krotkov (14) . Up to four 1-h extractions at 70°C with 0.5 N HC104 were necessary for full hydrolysis of DNA from old beet leaves, whereas young leaves required only two extractions.
Beet or spinach ctDNA was prepared as described for spinach ctDNA and nick labeled (12) 
RESULTS AND DISCUSSION
The eighth leaf of beet plants grown in liquid culture were sampled when it was 2 to 3 cm long and 25 to 30 cm long. Discs punched randomly from leaf laminae were used for the measurements shown in Table I . In the case of the 2 to 3 cm long leaves the entire lamina was used. The total amount of DNA per cell, calculated by dividing the DNA content per disc by the number of cells per disc, did not change significantly between leaves 2 to 3 cm long and leaves 25 to 30 cm long. These values of between 2.4 and 2.7 pg are close to the 2C nuclear DNA value of 2.5 pg reported by Bennett and Smith (1) which suggests that beet cells in this study do not become endopolyploid to any significant extent. In this study the average number of chloroplasts per cell increased 6-fold from 11 to 65 chloroplasts per cell and the average chloroplast diameters increased almost 3-fold from 1.8 to 4.9 Am (Table I) .
With an appropriate probe for ctDNA in the presence of total DNA extracts from plants, estimates of the levels of ctDNA can be derived from the Cot, values of the second order renaturation kinetics of the probe (12) . In preliminary experiments, the same Cot, values for beet and spinach ctDNA were obtained using beet Table II . During the expansion of the beet leaf cells, ctDNA levels increased from 7.5% of the total DNA in 2 to 3-cm leaves to 11.4%1o in 25 to 30-cm leaves.
In Table III , the proportion of chloroplast DNA in total DNA (Table II) together with the amount of DNA per cell (Table I) 'From Tables I and II. cell expansion, on a per chloroplast basis, are similar to those recently reported for spinach (12) and pea (10) . On a per cell basis, the plastome copy number is lower than that reported for pea and spinach but still comprises a vast excess over the nuclear genome copy number which we estimate as about 2C in these laminae. The partitioning of nuclear and ctDNA amounts on a per cell and a per chloroplast basis described in Table III We consider that renaturation kinetics provide a reliable Co T method for measuring changes in ctDNA levels in leaves. Using this method, we have found that during the expansion of leaf cells FIG. 1. The renaturation kinetics of the spinach ctDNA fragment 3P-of beet as leaves grow from 2 to 3 to 25 to 30 cms in length, two cE48 in the presence of spinach ( , +) or beet (--, 0) ctDNA is to three rounds of chloroplast division take place and ctDNA is wn in A. The Cot1 of the renaturation with spinach ctDNA is 0.100 segregated to daughter chloroplasts. In beet, some additional 1/s L-and that for beet ctDNA 0.113, with SD of 0.015 and 0.010, ctDNA is synthesized during cell expansion because the decrease ectively. In B, the Cot, of 32P-pSocE48 is shown in the presence of in plastome copies per chloroplast does not exactly parallel the iach ctDNA ( ) and DNA from 2 to 3-cm beet leaf laminae (--) increase in chloroplast number per cell that occurs in both spinach 125 to 30-cm beet leaf laminae (---). In this experiment, the Cotsfor (12) and pea (10) . The increase in the proportion of ctDNA in DNAs, respectively, were 0.101, 1.06, and 0.725 with SDof 0.012, 0.079, total DNA from 25 to 30-cm laminae compared to 2 to 3-cm 0.116, corresponding to a ctDNA content in 2 to 3-cm laminae of laminae may be a reflection of the relatively early stage of Vo and in 25 to 30-cm laminae of 13.9%. development of the 2 to 3-cm beet leaf laminae. In the early stages of spinach leaf cell expansion, there is a stage when ctDNA is of intensely fluorescing regions present which could possibly synthesized relative to nuclear DNA, the proportion of ctDNA in interconnected. In the larger chloroplasts from the cells from the tissue rises, and the plastome copy number per cell and per to 30-cm leaves, DAPI fluorescence is present in fine discrete chloroplast rises also (13) . This occurs before the stage of leaf cell ots throughout the chloroplasts.
expansion described previously (12) in which the major phase of Ehe decrease in the amount of ctDNA per chloroplast in beet formation and division of chloroplasts occurs. We consider the ves as the chloroplasts divide and increase in size, reported in trend that chloroplast genome copy number falls as chloroplasts s paper, is in contrast to the increase in ctDNA content with divide and increase in size may be a general phenomenon that takes place during the expansion of leaf cells of higher plants.
